ABSTRACT. Bovine papillomavirus type 12 (BPV-12) was recently identified in epithelial papillomas on the cattle tongue in our previous study. Along with the full-length genome, one deleted circular genome, named BPV-12-del, was detected in the same papilloma lesion. BPV-12-del is 3363 base pairs in length, and a total of 3,384 base pairs, including E1, E2 and E4 genes and partial E7 and L2 ORFs, were deleted compared with the complete genome. Real-time PCR results showed that the percentage of BPV-12-del was 42% of the total genomes in the sample. Southern Blot analysis also confirmed the presence of the deleted genome. This is the first report describing a circular genome deletion detected in a naturally BPV-infected sample.
Twelve bovine papillomavirus (BPV) types have been characterized to date, and are classified into four genera according to the nucleotide sequence diversity in the open reading frame (ORF) of the L1 gene, as well as their biological and pathological properties [2, 6, 9, 19] . BPV-1 and -2 are classified into Delta-papillomavirus, cause fibropapillomas in cattle and sarcoids in horses, and exhibit a somewhat broader host range and tissue tropism than other types. BPV-3, -4, -6, -9, -10, -11 and -12 belong to Xi-papillomavirus and are restricted to cattle, infecting only epithelial cells to induce true epithelial papillomas. BPV-5 and -8 belong to Epsilon-papillomavirus and cause both fibropapillomas and true epithelial papillomas. BPV-7 is classified into an unassigned genus and has only been detected in a healthy skin swab from a case in which no pathopoiesis was reported [9, 10, 15, 16, 19] . Additionally, 15 novel putative BPV types (BAA2 to -4, BAPV3 to -5, BAPV7 to -10, BAPV11MY and BPV/BR-UEL2 to -5) have been detected in healthy skin swabs or cutaneous warts from cattle housed in Sweden, Japan and Brazil [1, 5, 14] .
The BPV genome, whose organization is similar to other papillomaviruses (PVs), consists of a single molecule of circular double-stranded DNA, approximately 7.2 to 8.0 Kbp in size, encoding some 8 to 10 proteins [3, 16] . The whole genome can be divided into three parts depending on their function: the long control region (LCR), the early region and the late region. The LCR is the region between the early and late regions and contains several replication regulatory elements. The early region encodes non-structural proteins designated E1 to E8 (depending on the individual virus) that exert important regulatory and replicative functions. The late region encodes two structural proteins, L1 and L2, that form the capsid; BPV-4 also possesses L3, but its function remains unknown [17] . Natural genomic deletion has been detected in human papillomavirus (HPV) [8, 18] . However, there have been no reports of natural deletions in the circular genome of BPV to date.
We recently identified a novel BPV, designated BPV-12, from epithelial papillomas located on the tongue of infected cattle, and the entire genome was amplified and analyzed [19] . In addition to the full-length genome, a deleted circular genome was detected in the same papilloma sample and was named BPV-12-del (GenBank accession number: JF834524) in this study (Fig. 1) . The genome of BPV-12-del is 3,363 bp in size. Compared with the full-length BPV-12 genome, the deleted segment consists of 3,834 bp located on both the early and late regions, and results in the exclusion of E1, E2 and E4 genes and partial E7 and L2 ORFs (Fig. 2) . Except for the double thymine (T) that takes the place of the deleted segment, the remaining section of the BPV-12-del genome has 100% nucleotide sequence identity with BPV-12. Since the PV genome is composed of genetically stable double-stranded DNA, the evolution of PVs is slow and the genome replicates with high fidelity. In the present study, we describe the initial detection of a circular genome deletion in a naturally BPV-infected sample.
We next quantitated the percentage of BPV-12-del in the BPV genomes in naturally BPV-12 infected tongue sample. DNA was extracted from the sample using a DNeasy Blood and Tissue Kit (QIAGEN, Germantown, MD, U.S.A.). SYBR Green I real-time PCR was employed using two pairs of specific primers, which were designed based on the L3 (L3F: 5'-TCTTTGGTGTCCAGCGATGT-3', L3R: 5'-TGCCTCATCTCCTGTAGCCT-3') and E7 (E7F: 5'-AACGATGACCCATACGCAGT-3', E7R: 5'-AA-GATTCAAAGAACAGGCAG-3') genes, respectively. The primers for L3 were used to quantitate all (both complete and deleted) BPV genomes in the lesion. The primers for E7 were used to quantitate the complete genome only, as the target sequence (nt 653-805 in the complete genome) does not exist in the deleted genome. The cloned BPV-12 was used as a standard control. The copies of all genomes and the complete genome were then quantitated, and the standard curve and dissociation curve were analyzed (Fig.  3) . Real-time PCR was performed in triplicate for each gene (L3 and E7). The results showed that the content of complete genome was 58%. Therefore, the content of deleted genome was 42% in the sample.
To further confirm the deleted genome, Southern Blot was performed. DNA was extracted from the BPV-12 infected tongue sample by using a DNeasy Blood and Tissue Kit (QIAGEN). Then, the electrophoresis was performed with 1.0% agarose gel. Subsequently, Southern Blot was carried out with Amersham Gene Images AlkPhos Direct Labelling and Detection System (GE, Buckinghamshire, U.K.) according to the manufacturer's instructions. L1-specific probe was amplified with the primer combination SBL1F (5'-ATTAGACACGGATGACTTTG-3') and SBL1R (5'-ACATCTGGACCTGCTTGGGA-3'), leading to a 398-bp DNA fragment. Along with the complete genome, the deleted genome was clearly observed in BPV-12 infected sample (Fig. 4) . It illustrated that the deleted genome of BPV-12 is not an artificial product, but a natural product during virus infection and disease process.
In HPVs, rearrangements such as duplication, insertion and deletion have been reported in the LCR region of HPV-6 genomes, and these rearrangements have been shown to be associated with clinically malignant or malignant tumors [8, 11, 12] . Meanwhile, deletion in the late region has been detected in HPV-5 and -8, which are associated with epidermodysplasia verruciformis [7] . A deletion occurring in the ORFs of late genes was detected in the malignant lesions of epidermodysplasia verruciformis, but was not found in the benign lesions of the same patient [7] . Thus, it was suggested that the deletions in the LCR and late region have biological significance with respect to disease progression. In the present study, the deleted genome BPV-12-del and the complete genome BPV-12 were detected in the same papilloma sample without malignant tumors. Based on previous research on HPVs, BPV-12-del was presumed to possess possible biological significance in disease progression, and a further study is necessary to confirm this.
Although deletion has been reported in the LCR and late regions in PVs, there have been no reports of early region deletion in a naturally PV-infected case to date. In BPV-12-del, a large deletion that resulted in the exclusion of E1, E2 and E4 genes and partial E7 and L2 ORFs, was detected in this study. Here, we describe the novel detection of a deletion in the early region of PVs. No deletion was found in LCR, so the motifs for replication and transcription are conserved in BPV-12-del. However, E1 and E2 proteins serve as the master regulators for virus replication and transcription. Since they are not coded in the genome of BPV-12-del, genome replication and transcription might be down-regulated or dis- rupted, if the deleted genome exclusively exists in infected cells. However, in the papilloma sample of this study, the E1 and E2 proteins coded by BPV-12 could be utilized. Although there is a partial E7 ORF deletion in BPV-12-del, the pRbBD, a specific motif for epitheliotropic papillomavirus that is responsible for immortalization and transformation of host cells [4, 13] , still exists, whereas the motif ZnBD, which serves as a cooperator of pRbBD, is excluded. The identification of deletions within the BPV circular genome in the present study contributes to the understanding of BPV and PV replication and transcription. It is also an open question whether the BPV deletion can be observed in the other BPV positive papilloma samples. A further study is necessary to detect the bioactivity of the deleted genome and to confirm whether this kind of genome deletion has biological significance in disease progression.
